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SEMI-ANNUAL PROGRESS REPORT
August 1953

1. Sumary

As a result of accelerated lesaching tests carried out over the past
year, an improved protocol for further testing and estimation of the sere
vice life of crcosote treatments has besn dresm upe. The Iractions 'k,
u5y 6 and tic vceidue nave been tested and are now bein; sviluateds
Tielu testis of lwavisr panels “ave Loea plamed for cogpeilson v.ith ths
thin nonels used ia Lhe accelerated Jeachin: tesis.

Plans have soun completou for measuring tne rate at which creosote
diffuses from treated tiubars winn Lersed in seaaicrs

Durin: ths poriod covered by tais repert, a zaspiroreter nethod
suitasle for routine, larpee-scala screcning ol creosote fractions for
toxicity to limnoeria has been developed anxd testods Preliminery results
indicate thai i "har acid® fraction are exire.ely toxice .

Furtior osdservabloas ave beea Liade on the activity and distribu-
tioa of the ccllulase enzyme systeir ol Teredo. It is definitely present
in the larvae at Lhe tine of penetration of the voode ! ethods have been
developed for “i1n preliminary ex.raction and concentration of this activie
tye The bilccheoistry of tiis enzynme sysbexn is being actively coipared vith

3

that producsd by a cellulytic mold [yrotagcium verrucaria. It has been

shom 't.h.at. the pH optima for the two systems are similar.

Studies of carbolhydrate netabolisn have bzen coniinued and have
shovm the rfollowin: intoemadiaiers to boe present: eaden;lic acld, adenosine
polyphospiates, hexose phospaates and ar:inine phosphate.

A study or the histolo/ical chonjes in the larva kas be:n initiated.
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A study on srovth cote of incliviiual toeccids ia reloiion to age
and bresedia; has becn comisleted 21 is bein: prepared as a tochnical re=
Porte

A serics oi tusis terc coaducied wilca iadicated that thie intensity
of horer attack is iwopsadent oif the lenzt.. of time or coaditions under
whilen the woow s heen Laiepresoaked prior to exposurae

The deyrec o :ich creosoted wood protects aljaccat vrood 8s a re-
_sult of toxiec diiTusion uas Lested by moans o & new scries of punels.
The resulis siovea tiat cresousote is active oal;, to a si:all degree within
1/8 inch of tue ecie of Lhe btrecisd we0td, Trereas astifouling paints cone

taini.z cosper oxide were cifoctive ai distances of :ore than % inche

<

Cihilorinated crecsote nancls provided b, @il werc con‘hinued. on tast.

Greenheart pancls at the-exl of threec ;ears axposwre in iiadl hare
or s:owed lipat attack by iotn teredids’ aad limmoria. Surinan timoor
panels at ihs ond of 25 jears exposure saocied lirnt to heavy attack, ex-
cept in the case of Anaura, vhich was onl; sup. roickdlly attaciked.

Iaproved rfacilitles for ©ac ressarch 1ave been provided-at the ner:
Virzinia {ey Station, wialca is provided ith a rumins gseavater sy sicie

Three tecanical rz -orts ..ore lssued durias vie holfeycar.

2. Acceleraied Leaching Tosts:

A meeting of memders of the i'arine Laboratory and the MWaval Ree
gearch Lauoratory at the Uaiversity of ..iari on 1le3 July, 1953 led to
the follo.iins basic protocol for future sveluation work of various crece
sote tfeatnents ard acceleraied loacihdng tesiss

(1) 7Test pauels siall be of Soubicrn pine, samiood, kaot=irec, lov

{n resinous :aierials ai¢ o:rfairly uniform density; dimensions:
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5" x 17n x 1/8n,

(2) Test panels with whole creosote shall be impregnated from |
the level of 5 1bs. per cubic foot to the level of 20 1lbs. per cubic
foot, aporoximately 20 panels to be prepared over each 5 pcund range.
Ar, attempt shall be made to spread the impregnated panels evenly over
the entire 15 pound range although no effort shall be made to impregnate

at any specific poundage level,

(3) Test panels prepared with fractions of creosote shall be im=~
pregnated from the level of 10 pounds per cubic foot to the level of 15
pounds per cubic foot. About 20 panels shall be prepared in this range

for each fraction.

(4) An attempt shall be made to rate the creosote fractions by
plotting attack as a function of treatment; the ratio of the creosote

treatment in lbs/cu. ft. to fraction treatment in 1bs/cue ft. of whole

creosote equivalent giving equal attack shall be computed at the middle
of the fracticn curve and taken as the rating of the fraction relative
to whole creosote.

(5) Poundage impregnation of a pane. with fraction~fortified or
fraction-depleted creosote shall be stated in terms of wnole creosote.
For ex»mple, if whole creosote contains 10% of Fraction A and 10 grams
of creosote are needed, for say, a 30 pound impregnation, then a panel
impregnated to 30 pounds with the fraction A fortified material would 1
contain 10 grams of whole creosote plus 1 gram ¢. fraction if it is de- :

sired to double the fraction. For a fraction-depleted creosots thse

panel would contain 9 grams of creosote minus fraction and thus, while
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containing only 9 grams, would still be impregnated to a 30 pound level
with respect to everything but the fraction,

(6) Two sets of panels snall be prepared for each fraction, one
to be exposed without leaching and one to be exposed after & 16 day leaching
periods The 16 day leaching period is the only leaching pericd to be
used, Exposure period shall be set tentatively for six months.

(7) One set of whole crecsote panels shall be prepared for each
two fractions tested.

(8) Each set of panels to be tested shall be given a set number.

(9) Panels being exposed shall be inspected and rated bimonthly.
They shall be scraped free of fouling biweekly.

(10) A1l fractions of creosote which have been evaluated shall be
re-evaluated by the revised procedure.

The testing of fractions #L, #5, #6 and residual material was carried
out during the semi-annual period. Evaluation is now in progress.
3. lLong Term Field Tests

It was unanimously agreed that long term field tests, using panels
of the size 2" x L™ x 8", should be initiated as soon as practicables
Panels of this size would have a much higher volume to surface ratio
and a much slower rate of natural leaching than the small panels now be-
ing used and, therefore, come nearer to reflecting real service life.
They would serve to calibrate leaching tests. The preparation of the
larger panels shall be started at NRL as soon as the physical equipment
necessary to handle the larger panels can be assembled. The panels for

the field tests shall be prepared using whole creosote and as many of
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the fractions as practicable,

Le Diffusion Studies

Tentative plans were made to study the natural rate of diffusion
of creosote from the interior to the exterior of a large timber (27 x L")

and, if possible, the change in composition of the creosote, if any, tak-

ing place during this process. The tentative procedure is to expose sime-
ultaneously to seawater immersion several identical pieces of uniformly
impregnated timber. At monthly intervals a test panel shall be exawined
by shaving off a number of 1/8" increments from the surfaces The creo-
sote shall be extracted from these shavings and examined spectroscopically.
The Marine Laboratory shall prepare, expose, section, and extract the
timbers. The Naval Research Laboratory shall examine the extracts spectro-
scopically. It may not be possible to identify individual compounds but
it will be possible to determine the changes in the relative amounts of
the functional groups present; for example, 2 decrease in hydroxyl con-
tent or a change in the proportion ~f aromatic to aliphatic hjydrocarbon.

Se Toxicity of Creosote

The last semi-annual report related preliminary work on this sube-

=

Ject with larval Teredo in the capillary micro-respirometer. The value
of the equipment is undeniable for exacting research studies. It has,
however, certain shortcomings when it's use is contemplated for routine, |
large-scale screening operations, Thus, it is possible to study but
one animal at a time; the time required for therral equilibration often

exceeds two hours waich also slows dowm production of useful resnults,

Finally the instrument is too sensitive for routine use. For these rea- H
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sons some attention was early devoted to the possibility of employing
the standard Viarbwy resoirometer. As been pointed out in previous re-
ports, this apparatus is not suitable for oxygen uptake studies in
Teredo because of the agitation which is required, However, Limnoria,
in some initial and unreported experiments several years ago, had demon-
strated complete tolerance of the osci. .ations required to effect gaseous
aquilibrium in the Warburg asparatus. Further investigation of this form
has shown that the combined oxygen uptake by 25 adult Limnoria during a
period of one hour, is of a magnitude entirely suited to this technique
of measurement, It remained only to demonstrate that whole creosote prou-
duced a measureable effect upon tihis total oxygen consumption. A series
of dilutions of whole creosote, prepared by the method we have reported
previously was studied. Table 1 gshows the results of this study.

Tt will be observed that the effect, which is real, statistically
significant and reproducible, is a Aafinite augmentation of the orygen
uptake of the experimental animals. It is thought that this added oxygen
consumption is & measure of the metabolic work being done in detoxification.
I+ has frequently been reported that Limnoria prospesr in wood which has
been treated with creosote, Presumably this ig only possible because of
the existence of some metabolic mechanism to render the creosote rela-
tively innocuous. It is apparent from the results shown in Table 1 that
the magnitude of the response is, in general, a function of the concene
tration of whole creosote which is present in the mediun.

Having thus demonstrated the reality of the pnysiological reaction
to creosote in Limnoria, and the utility of Limnoria as a test animal,

some attention was devoted to a study of the toxicity of creosote frac-
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tions supplied us by the Naval Research Laboratory.
Since whole creosote produced a maximal reaction vhen it was di=
luted 1:10,000 with sea water, it was determined to employ this same di-

lution in the ascay of creosote fractions. This procedure admittedly

-

does not compare the toxicity of whole creosote vith the toxicity of its

component fractions when these are applied alone in the concentration at

B 2 s

which the, were present in the whole sample. Infornation on the quanti-
tative compcsition of the original creosote sample was not available to

us when the tests were initiated.

Table 1

Effect of Various Agents on Oxygen Consumption
by Lirnoria %

Material Dilution in  Number of Oxygen  %Increase
tested sea water tests uptake# over normal

Control determinations L7 11.93542.83 0

M/1,000 Glucose in sea

water 10 14,267 19.5

Whole Creosote 1:106 25  16.033 3L.2

Thole Creosote 1:104 19 21.21943.90 77,5

"Solvent Extraction
fraction, Residue af-
ter removal of solids

only® 12108 15 16.955 L1.9
"Solvent Extraction frac-

tion #152.5 (B158) 1:20b 9 20,810 7.2
“Aqueous Alkali Extract

of Thole Creosote 1510% 15 13.6L0 4.3
nCreosote with Tar Acids Oh

and Tar Bases Removed" Lz 18 14,960 25,2
"Creosote W th Tar Bases ; -

Removed® 1:10° i 23.92042.56 100.5

# Oxygen consumption is expressed as m/hr/group of 25 animals
## A1l determinations were made veing twenty-five Limmoria per Warburg
flask
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It will be observed in Table 1 that "Creosote with Tar Acids and

Vb -oifp = 28 indgne ik} |

Tar Bages Removed", "Aqueous Alkali Extract of Wnole Creosote" and

M/l,OOO Glucose in sea water are all about equally effective in in-
creasing the oxygen consumption of Limnoria,

On the other hand the two fractions which were produced by solvent

extraction produced approxinately the same respiratory response as vhole
creosote at comparable dilution, "Creosote with Taf Bases Removed" vas
easily the most effective fraction studied, resulting in an increase of
over 100% in oxygen uptake over tie rate of untreated normals.

These results siould be considered to be preliminary in nature.

They demonstrate that the method has definite utility in differentiating
between creosote preparations., This method should contribute to the

problem of fractionation of the toxicity or creosote and will vastly ace

celerate the assay procedure,

6. Cellulase enzyme system-

This system has been observed to be present and active in the free

swimming larvae of Teredo. This observation suggests that cellulytic

activity may contribute to penetration of the wood by larval shipwrms,

Cellulase activity survives in larvae which have been dried in vacuo at

- e

50°%. The activity is only slightly diminished in such preparations,
Some cleavage of cellulose is produced even after exposure of the in-
cubation mixture to temperatures in the neighborhood of 909C for a period

of five minutes. An attempt has been made further to purify the active

R s

principle in honmogenates of adult shiproreg. A fraction of high ace

bt

tivity and somewhat reduced enzymatic contamination is produced by ad-
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sorption of cell-free homogenate on a pracipitated form of carboxy-
methyl-cellulose (Hercules Pcwder Cc.) After washing tiie adscrption com=
plex free of soluble and insoluble organic material, the enzyme is then
liberated from the cellulose by dissolving the latter. Fractional pre=-
cipitation of the resulting solution has produced the cellulytically ac-
“tive material. Further studies are being conducted to determine exact
degree of concentration of the activity, and ths relation between activi-
ty and total nitrogen content of the purified preparation. The activity
of the shipvorm cellulase is also being studied in relation to the ac-

tivity of the standard moid enzyme produced by Myrothecium verrucaria.

7. Carbohydrate metabolism

Previous studies on glycogen content and anoxia in the shipworm
have led to the present investigation of the organism!s carbohydrate
metabolism - especially that associated vith the anaerobic phase. The
measurement of energy consumpticn under these conditions involves quanti-~
tative analysis of certain of the glycolytic intermediate compounds
coupled with studies of oxygen uptake during the terminal stages of gly-
colysis.

A qualitative analysis of some of the intermediates was accomplished
by running paper chromatograms of shipwarms homoganates. The organicns
were extracted from the infected wood and chilled izrediately. The soft
tissues were then homogenized and centrifuged. Chromatograms were set up
using drops of supernatant in the method of Eggleston and Hems (Biochem.
Jey 52, 1, 156-160, 1952). In this manner, the following substances were

detected: adenylic acid, adenosine polyphospiates (ATP & ADP), hexose

e i i T = 8
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phosphates, and arginine piosphate.

Due tc the high concentration of arginine phosphate in the tere~
do, this substance was selected from the above group for quantitative
analysis tc be corvelated with further anaerooic studies. Using the
method of Brand and Kassell (Je Biol. Chem., 1LS5, 2, 359-36&L, 1942) the

foliowing results werc obtained:

No
Body Fluid Arginine Tissue-bound Arginine Animals

Species Phospho  Free Total % Dry Wt.

arginine Arginine Arginine Average

Range # Range ¥ % Dry Vit,

Dry Wte Dry Wt., Average
Teredo 00,0490~ 0,222~ 0.339 0.858 28
bigart—- 0.120 02931
La.
Teredo ’
bartschi 0.0182= 0,0851- 0,272 0,501 31

0.186 0.2Ub
Continued studies are in progress which involve the measurement of

increasing lactate and pyruvate under anaerobic conditjcns. Vihen the or-

ganisms have reached the state of maximus concentrations of these sub-
stances, they will be re-exposed to an oxygenated environment, and their
recovery and oxygen uptake will be rmeasured.

* 8. Larval Histology
)

Micro-technique equipnment for the study of larval histology has

been set up in anticipation of the expected fall outburst of larvac, A

large tank has been set up in the Virginia Key Ladboratory to receive
shipworn infested blocks whic: have bcen exposed in the bay for several

months. An all plustic, non-toxic, trap has been constructed to catch
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the larvae. At the present time a literature survey is also underway.

9. X-ray Studies on Growtn

Viork on this aspect of the general problem has been substantially
completed. The results are being prepared for publication as 2 techni-
cal recporte.

10, Pre-Soaiking Tests

Tests to dezermine the cffect of prior immersion on attack were

itiated in Aprile Tdentical fir panecls, 2" x 6" x 3/L", were soaked
in sterile filtered fresh water, sterils filtered sea water, and filtered
bay water for pericds of 1, 2, L, 8, 16, and 32 days. The periods of im-
mersion of the pancls were so spaced that they terminated on the same day.
They were transferred, undermater, to the exposure rack so that at no
time were any of the panels cxposed to aerial bacteria. Unsoaked control
pancls from the same fir stock were attached to the rack at the same tirme,
The panels were exposed on 13 June 1953.

No attack was noted until 6 July 1953. At that timc threc small

Limnoria burrows were found. Thc pancis attacked first were a control
pancl, a pancl exposed for two days in sterile fresh vaater, and a panel
exposcd four days in sterilc salt water. Each panel had a single small

Limnoria burrow. At the cnd of one menth a sccond contrel showed a singlc

N

Limioria burrow as well as a snipworm burrow. The panel exposed for 32
days in stcrile salt water showed similar avtacke.

the end of two months exposurc all of tre pancls showed very
slight Lianoria attacke Every pancl, sinmilerly, showed slight Teredo

attack with a count of burrows ranging from L to 10 with no definite

——




Panecl

2 days
2 days
2 days
L days
L days
L days
8 days
8 days
8 days
16 days
16 days
16 days
32 days

32 days

32 days i

alignment

Control,.
Controle
Control,

1 day in

in
in

2]
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noticeable as can be seen in the tablee

Unsoaked
Unsoakcd
Unsoaked

filtercd vay water

1 day in sterile salt water

1 day in sterilc fresh vater

filtered bay water
sterilc salt water
sterilc fresh water
filtered bay water
storile selt water
sterile fresh watcr
fiitcercd bay water
sterile salt water
eterile fresn water
filtered bay water
sterile salt water
sterile fresh water
filtered bay water
sterile sa2lt sater

sterile fresh water

Limnoria Tercdo
1 1
1 1
1 1
1 1
1 1
1 L
1 2
g b
L 1
1 b
1 1
1 2
1 2
1 1
1 1
1 1
1 1
L 1
1 1
b i
1 2

€ holes
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11. Chlorinated Crcosote Pancl Expos'irc Tceats

Panels impregnetad with chlorineted crzosote prcpared by NRL
were exposed 28 January 1953. Inspection at the end of four months
showed only very limited attack.

12, Toxic Diffusion Tests

lloliday panels werc, exposed on 13 November 1952. Inspection on
13 August shiowed the following:

Damage to treated and untrcated areas

Size of Crcosote Antifouling Paint White Dcck Paint
Holiday Trcatod Untreated Treated Untreated Treated Untreated
1/8" F-3 F=3 F-1 F-1 F=5 F-5
-0 L-i -0 1-0 1~5 1-5
T-0 T- T-0 T-0 T=5 T-5
/4" =3 F=-3 F-1 L2} F=5 F-5
L-0 L-5 L-0 L-0 -5 L5
T-0 T=? T-0 T-0 T-5 T-5
1/2" F-3 F-3 F-0 F-1 F-5 F=5
1-0 Y 1-0 -0 1~S L-5
T-0 T-? T-0 T-0 T-5 T=5
The creosotcd pancls and thosc treated with deck paint were re-

moved from the water on this date. It is apparent that antifouling
paint cffectively protects adjacent hol#ays of as ruch es %". Creo-
”i sote has barely appreciable cffect at 1/8%,
. ') Unleached ercosoted blocks serving as a long term f£idld test for
accelorated leaching tcsts werc exposed 24 April 1651. Inspection on
30 July 1953 showed thc following:
1" x 2" block (30.7 1bs/ft3)  Fouling Very heavy -
Limnoria No attack =
Teredo flo attack -
on x " block (2646 lbs/ft3)  Fouling Very heavy

Limnoria No attack
Tcredo No attack

]
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Tropical Tirbers

ing:

1107
1113
1110
11
199a
1106
197
1115
g 158
1102
131

Notq:

M‘*M’W --

posure:

Fouling
Limnoria
Teredo

posed 7 February 1951.

Panel Eg.

Very heavy
4 few small burrows, very light attack - 1
Several medium to large burrows plus

e

A block of Greenheart (Ocotea rodiazi) was cxposed 1 June 1950.

Inspection on 8 July 1953 showed the following, after 3 years ex-

-5

scattercd pits and very young burrows - 3

Lecal Neme
Bongro Foengoe
Jan Snijder
Znaura

Anaura

Savannra Feengoe
Focngoe

Man Foengoe
Soponoecdoc
wwarte Rienhout
Witte Rienhoat

Manbarklak

Fouling

Silica-containing Surinam timber panels (1" x 4" x 12") werc ex-

Inspection on 12 August 1953 showed the follow=

Limnoria Teredo

Lost May 1952, no attack

nou n " n
noon " " n
3 0 1
3 3 3

Lost May 1952, no attack
Lost Feb. 1953, lignt attack

Destroyzd by Teredo, Junc 1952

3 1 3
3 b L
3 i |

Panel attack is numerically rated according to the following

table:

0 Yo attack

1 Very light attack
2 Light attack

3 Moderate attack

i Heav attack

5

Very; heavy attacis, riddled




1. Facilities

it the bcginning of August, 2 new laboratory building on the
seashorc at Virginia Key was completed and occupied. This provides
continucus adequate scawater circulation for experimental purposcs.

The labcratory rearing of Toredo and Limnoria has been transferred

to this station together with physiological opasraticns which require
the use of supplizs of living mzterial, The test exposures continue
to be carried out at Miami Beach iwwhere the incidence of borer attack
is at a maximum,
15. Publications:

GREENFIELD, LEON.RD J. Cbservations on the NHitrogen and Glyccgen

content of Teredo (Lyrodus) pediccllata de Quatrefages at Miami, Florida.

Bulletin Marine Science Gulf and Carribbean, Volume 2, No. 3
ISHAM, L. B. and TIERNEY, J. Q. Samec aspects of the Larval de-

velopment and Metamorpheses of Teredo (Lyrodus) pedicellata de Quatre-

fages. Ibid. Volume 2, No. L

LuE, CHiRLES E. Cellulose Digzstion in Tcredo. Journal of
Biological Chemistry. (In press)

%eprint of the ¥arine Borer Conference, June 19, 1950. (Expensecs

carried by thc University)
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